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Introductory Remarks

The present Technical report represents a preprint of
two "Letters to the Editor" submitted for publication to the
nJournal of Chemical Physicse" Part I is a condensation of
that part of the experimental work carrizd out by Mr. Richard
Tabitian which was concerned with particle size determina-
tions from the snecific turbidity. The extensive data will
be reported in a Technical Report which is under preparationi
(prorably Technical Report No. 9) which should be ready for
jssuance by about the micdle of August., Part II is a conden-
sation of that part of the work done by Mr, Thomas L. Pugh
which was concerned with the stabilization of colloidal

solutions with macromolecular substancese An extensive

account of this work is given in Technical Report No. 6 which

has been distributed recentlye

Wilfried Heller




I. Experimental Verification ¢ the iie Theory of
Light Scaittering®*

Wilfried Heller, Josepb N. Fpel and Richard M. Tatihian
Chemistry Department, Wayne University, Detroit
Flectron microscopy by
John H. L. Vatson

Edsel Fo. Ford Institute for Medical Rescarch, Detroit

several thorough investigations published during the past
45 years (1) left 1ittle doubt that the Mie theory of light
scattering (2) is in essential agreement with the facts. There
has, however, been nc rigorous quantitative proof which pre-
supposes (a) the use of a svstem with spherical particles as
uniform in size as possitle, (v) an exact krowledge of their
density and refractive index, (c) an optical precision iiistru-
ment, and (d) a fairly reliable independent method of compara-=
tive size determinationse. 1Thile one or two of these require~
ments could be met, not all could be complied with satisfac-
torily in the paste. Polystyrene and polyvinyl toluene latices
of remarkably small degree of heterodispersion (3) were used
in the present investigation. A separate study by Thomas Le
Puzh in this lar.ratory showed that the colloidal spheres had
a density c¢f 1.057 and 7.026 and a refractive index of 1.629
and 1.595 respectively (25°C)q7)This note is concerned with
particle size determinations from the specific turbidity
obtained by transmission measurements using a precision appara-

tus constructed in this laboratory in conjunction with
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K. Herrinzton (4), Its characteristics pertinent to the data
given here are (a) a solid angle of the primary and secondary
beam of 0.7° and 0.8° respectively and (b) a quantitative
exclusion of primary and secondary parasite light. Since
shadow casting showed no perceptible flattening out of the
anparentlv rigid polymer spheres, electron microscopy was used
as the independent comparative second method, In view of the
wellknovn systematic variation of electron-optical diameters
with the instrument used (%), an additional set of electron-
optical diameters, obtained bty Dr. E, I's Bradford of the Dow
Chemical Companr, was also considered.

The first column in Table I gives the experimental speci-
fic turhridities observed at SW4A1 A,"", and extrapolated to zero
concentration (¢ in g, 100 g"l). The second eolumn ccntains
the optical particle diameter, Dy, calculated by interpolation
from the theoretical specific turbidiiies given in a preceding
preliminary note (6). Columns 3 ard 4 show the electren
microscopic diameters, Dp, and column 5 defines, by the stan-
dard deviatiori, &, the spread of the size distribution curve
in the latices used. Most of the latter data were compiled
in this laboratory.

Fxcluding from a ccmparison the unsatisfactory sample
with the smallest particle diameter, the average per cent
deviation of the electron ontical diameters from the optical
ones is +14%.5 (Watson) and +6,8 (Eradtord) for polystyrene,
and +5.,2 for polyvinvl toluecne, The maximum deviation in the

latter systems -- which in every respect were more satisfactory
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than polystyrene -- amounts to +8,k, It is notewcrthy that
all deviations, excepc one, are positive, which is possibly
accounted for by minute flattening out of the spheres in
electron microscopye. (7) The systematic error in electron
microscopy shouléd not cxceed, tut may be as large as +5 per
cent and the non-systematic error is assumed to be atout #+1
per cent. Tre comrined error in measurements of T and ¢
anproximatcs #3 per cent for particles vhose diameters are
less than 200 mp and +2 per cent for larger particles. Taking
a1l this into account, the agrcement between optical and elec-
tron optical diameters must bre considered as excellent,
Consequently, it can be stated, without reservations, that

the Mic treory is in quantitative agrecement with the facts,

*The e¢xplcratory first part of this work (J. N, Epel) was
supnorted bty a grant from the Rescarch Corpo.ation, the later
large scale investigations (Richard M. Tabitian) were sup-
portad by the Office of Naval Resecarch,

(1) Peszinning with W. Steubingj Ann. Physik 26, 329 (1908)
(2) 5. Micy Ann. Physik 25, 377 (1908).

(3) These latices were prepared by the Dsw Regeareh Laborator-
ies, Midland, Michizan and ¥indlv given tc us by Drs.
R. 7, Spencer and F. Towsley and, more recently, by Dr.
J. Y. Vanderhoffe.

(4+) Unpublished work presented at 116th Mceting of the Ameri-
can Chemical Society, Septcmber 16%9, Atlantic City,
New Jersey.

(5) See c.g. Che He Gerould; J. Applied Physics 21, 183
(1950) .

(6) ?. gﬁ}ler and W. J. Pangonisy J. Chem. Physics 22,948
16542
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The refractive index decreased with increcasing particle
size, vossibly due to 1 decreasc in the contrirution of
the highly refractive starilizinz agent adsorbed at the
surface of the particles. T!c values given are extrapo-
1ations tc zero diamcter. Usc of the present mean
valucs of a continuing investigation on diametcrs be-
twcen © and 400 myy 1.607 and 1,588 respectively, would
reduce trec average ner cent deviation hetween optical
and clectronoptical diameters to less than 5 per cent
for toth systzms,.

e —
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Table I
égfi)o g% Braggcig wztson o
| 1% 58 45 65 8
2249 109 119 - L
4.0 132 132 - 5
B9 L 132 135 155 16
42,7 141 bk - L
59 .0* 152 150 180 20
6247 171 177 -- 4
10t 2% 206 219 298 10
110.,9* 215 223 260 17
109 .U+ 212 230 218 9
113.0%* 217 254 258 10
126,0%* 232 252 263 35
126.0% 232 259 289 7
i 158, l* 262 275 299 L7
| 20k 3.50 o—- 373 11
E U6 410 L39 - 6
? 269 L6 470 - 5
310 Ll 539 e S
331 o483 595 -- 7
397 7095 770 -- 11

*storred data raefer tc polystyrenc,
others nertain to polyvinyl toluence




II., "Steric Protection'" of Hydrophobic Colloidal
Farticles by Adsorption of Flexible
Macromolecules.*
Wilfried Heller and Thomas L. Pugh

Chemistry Department, Wayne University, Detroit

The two classical principles for protecting non-icnogenic
hydrophobic particles in an acqueous medium are (a) adsorption
of capilary active, preferably amphipathic, long chain ions
which may provide a sufficicntly high surface potential and
charge density (ee.ge. soaps)j (L) adsorption of rigid non-ioniz-
ing strongly hyvdrophilic macromolecules (1) which -- after
mono-layer formation -- impart upon the particles the typical
starility of a hydrophilic colloid (e.g. natural or synthetic
polysicrharides and derivatives). The responsitle factor may
be a critical redvction in the differcnce of cohesive energy
densities of colloid and medium due to indirect hydretion.
Poth principles may an~ly tc a single protective agent (eego
proteins). A third rossirility arose as a consequence ol work
done by W. Tanaka on the adsorption isotherms of rlexible
macromolecules (2). It leads to the following picture of the
mechanism of adsorption: (a) fiexible molecules of the moderate-
1y high weight used (up to ¥ = 6000) meither "stand up'" (like
soaps) nor lie flat (like proteins) but most likely assume a
configuration roughly described by a V or W (3), i.e. they are
anchored into the surface with only a few segmentsj (b) with
increasing surface coverage, and with increasing mclecular

weight, at equal surface coveragc, additional molecules require
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more And more time.ts .reach physical contact with the surface
(and also to diffuse away from it). Assuming a V configura-
ticn, the most proratble distance of a terminal segment from
the surface proper would be of the order of magnitude of
ldlA.U. Assuming negligitle interpenetration of the polymeric
peripheries of two colliding colloidal particles -- vhich
appears justified in the light of related results by Flory
(4) -- their nearest possible approach would be characterized
bv a distance of the same order of magnitude, Distances of
this order are large enough to make the negative interaction
energy of two colloidal particles as small or smaller than
their threrral energy. An inability to effectively aggregate,
i.e, a statilization which may be called "steric protection"
should therefore be expected in such cases, (3)

Tests were carried out by studying the effect of poly-
ethylene glvcols (6) upon the stability of gold sols using a
modification of Zsigmondy's gold number. (The same materials
had been used for the adsorption expcriments,) Protection,
towards coagulation by KCl, increased with increasing polymer
concentration-writhout intermediate sensitization -- until an
ap~roximately constant optimum was reached at about 1,50 g
of polymer per liter mixture, Table I gives the vrotective
action near this optimum (1.00 g per liter mixture) as a
function of M at 21°-249C, ¥ represents the concentration
of KC1, 1in millimoles per liter mixture, which leads, atter
exactly 2+ hours, to a red-blue shift in color (transmission)

for a Au-concentration of 89 mg per liter mixture,

e




e e m cmem._._Table I e e e
i polymer : 600 LOCO 6000 9000
Y * o 18,0 + 2.5 22 + 5 7 % 5 180 # 30

* ¥ in absence of polymer: 12.5 + 2,5

The nrotective action increases throuzhout with H, but
an enormous increase tegins in thc neightorhood of M = 4000,
The amount of prolymer adsor*cecd is, according to Tanaka,
practicaily indepcndent of M at M = 4000, Only one plausible
explanaltion o the sudden rise in protective efficiency appears
thereforc possible, i,e, the attaiument at or near this M, of
the critical minimum distance betwecen coilolidal particles
atove vhich "steric protcction" hecomes fully effective., Since
it 1s very difficult to desorb such high molecular weight
material comrletely, the significance of this type of protec-

tion for permanent stabilization of L:rdrophotric colloids is

apparent,

* This work was carried out with the support of the Office
of Maval Research,

1) Their hvdrophilic menamers are :=1so effective, although

consideratly less, as the retardation of thixotropic sol-
%el transformation by sucrose and aminoacids indicates
‘loeHellery Compt. rend, 203, 1507 (1936)).

2) for a preliminary purlication of some of Lhose results
sce VW, Heller, and Y/, Tanaka, Phys, Rev. 82, 301 (19513.

3) Recent theoretical work (R. Simha, He. L. I'risch and F. R,

Firich, J. Physical Chem. 57, 58 (1953) seems to support
this picture and scems to indicate that the V-configuration
is more nrotatle in our casc.

4) F. J. Flory; J. Chem. Physics 13, 453 (1945),
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5) M. van der Yaarden offered vrevionsly esscrtially the same

explanation for the stabilization of charcoal suspensiond
in organic liquids by ieans of low molecular weight {(up to
C14) hvdrocar*on derivitives, (J. Co” 1, “ci. 5,317 (1950)).
Sec also E. L, Maclor ard J. He van der Waalsy J. Coll, Sci.
7y S35 (1952).

%) Samples, vhich we nurified v rerrecipitation were kindly
provided by the Carhide and Carren Chemical Company and
also by the Texas Divigion of the Dow Chemical Company,
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